
Promoting CHP & CHP Enabled DG/ Renewable Energy Microgrids in PA
Inserting On-Site Energy (Electric, Thermal) into Municipal, Rural T&D Systems 
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Combined Heat & Power (CHP) vs Separate Heat & Power (SHP)
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The process for evaluating the potential for new CHP begins with identifying facilities or sites that possess the energy 
load characteristics and requirements that are technically conducive for CHP applications. 

The Opportunity for CHP in the United States (May 2013, Prepared for:  American Gas Association ,Washington, DC by ICF ) 
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Combined Heat & Power (CHP) vs Separate Heat & Power (SHP)
The Combined Subsystems More Primary Fuel Efficient Than Separate Subsystems

QD = 45 Units
WeD = 30 Units

lD = QD  =  1.5
WeD

h CHP = 30%

h HRU, exhaust enthalpy  = 64 %

h eCHP < h eGTD

h Q HRU CHP < h Q fuel Boiler  

But: h CHP System  > h SHP “System”  

h HRU, primary fuel= 45 %



How “well” (i.e. Load factor (time, amount ) does l CHP match l D?

If  h CHP = 0.30 and e HRU = 0.70, then    l CHP = 1.63

W e CHP < W e D 

What is the l CHP load  factor for the CHP system at the site? 

and 
?

CHP Performance Design Considerations
Design to Thermal Demand

PF( 1 unit)
CHP

Prime Mover

W e CHP ( = h CHP*1 = hCHP)

Q exhaust
Heat Recovery Unit

Q Not Recoverable

Q Recoverable for Use

 eHRU * (1 – hCHP)*Q fuel

l  eHRU* (1 – hCHP ) 

= (1 – hCHP)  

l CHP = Q CHP   eHRU* (1 – hCHP) 

We CHP h CHP

Q radiative

Convective loss

hCHP



η GTD 0.33
η B 0.80

η CHP 0.25
e recoverable  q CHP 0.60

l recoverable   CHP 1.80
l Not Recoverable  CHP 1.20

W e- D 1.00
F 1 unit e- CHP 4.00

Quality l avail CHP

W e- D 1.00
fe,D

CHP 0.50
fe,D

GTD 0.50
l' D,CHP 0.9
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Primary Energy Comparisons: SHP vs. CHP

PEUFSHP PEUFe- CHP + Grid + Boiler PFESR Grid + CHP + Boiler

SHP

PFESR

CHP

CHP with GTD and Supplemental Boiler
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Supplemental Boiler Region

η GTD 0.50

η B 0.95

η CHP 0.35

h recoverable  q

CHP 0.60

l recoverable   CHP 1.11

l Not Recoverable  

CHP 0.74

W e- CHP 1.00

F 1 unit e- CHP 2.86

As  the central GTD system 
becomes more efficient / 
carbon free       

and 
condensing 
boilers/furnaces  more 
prevalent, the competitive 
CHP l D window narrows.

Combined Heat & Power (CHP) vs Separate Heat & Power (SHP) – Generalizing the Analysis 
Effect of a Greening GTD System – l D Window Narrows

Combined Cycle
Gas + Steam Turbine
Central Generating

But Hybrid CHP in the form of distributed micro-grids and  
district energy systems  will enable the greening of the GTD 
as well as increased resiliency.



What Are the Benefits of CHP with Hybrized Renewables ?

• CHP is more primary energy efficient than separate generation of 
electricity and heating/cooling, provided relatively constant 
coincidental electric and thermal demand

• Higher efficiency translates to lower operating costs (but requires 
upfront  capital investment)

• Higher efficiency reduces emissions of pollutants, particularly with 
respect to coal fired central plants

• CHP can also increase energy reliability/resiliency  and enhance 
power quality in specific applications

• Hybridized with renewables, CHP systems can enable economically 
feasible path to net zero carbon operation 



Distributed Energy Innovation Partnership

A Living Laboratory: The Philadelphia Navy Yard PIDC Grid and Building 7R
Headquartered at the Philadelphia Navy Yard, DEIP serves as a nexus for collaboration and exchange for regional, 
national and global applications of distributed energy systems. DEIP leverages interdisciplinary expertise to advance 
research in critical topics and to grow capacity of students and professionals as leaders in distributed energy industry.

GDP

Carbon Based Primary Energy Use

CHP Anchored  Distributed Energy
(Competitive Manufacturing)

Growth 
&Resiliency  



Batter Storage
/Inverter Housing

PSU Navy Yard Building 7R 

12 kw Solar Cell Arrays

Installed 65 kw Microturbine Site

Existing Transformer

Proposed Solar + Hybrid Microgrid 
+ CHP Training Ctr. 

Real Time Weather
With 360 Camera

PECO Battery
Systems



12KW solar array

Fast 39 kwh / 50 kw 
Li Ion Battery System

(PECO)

Slow 60 kWh/ 17 kw   
Lead Acid Energy Battery 

System (PECO)

Inverterr Systems 

Grid and demand-response 
market

Critical load power 
for servers

BAS  system integration

DC-Port 3

DC-port 2

DC-port 1

AC-port 2

AC-port 1

CHP 65 kw 
Capstone Micro-turbine

PA DEP Building 7R CHP Enabled Renewables
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MARCELLUS SHALE EXPLORATION & PRODUCTION 

9,973 wells drilled (2014) 



A Distributed Energy Innovation Partnership Focus Area: 
Transformation of Municipal and Rural Cooperative Electric Grids to Renewable Energy Microgrids

&
Growth

35 municipalities 
and 13 rural 
electric 
cooperatives 
provide power to 
customers, but 
are not under 
Pennsylvania 
PUC jurisdiction

There are 900 rural electric cooperatives in the U.S. in 47 states that 

provide electric service to 56% of the nation’s landmass.  And across the 

U.S. there are 2000 public power utilities (Municipal Grids) that provide 

electricity to 49 million people in 49 states. 





Transmission and Distribution Costs of GTD System









A Distributed Energy Innovation Partnership Focus Area: 
Transformation of Municipal and Rural Cooperative Electric Grids to Renewable Energy Microgrids

Heim Nursing & Rehabilitation 
Facility

Berks County Jail Facility

Central Boiler Facility (for multi-
site steam loop)



A Distributed Energy Innovation Partnership Focus Area: 
Transformation of Municipal and Rural Cooperative Electric Grids to Renewable Energy Microgrids



40 
miles

Developing Municipal Utilities Distributed Energy Microgrid   

Quakertown

Perkasie

Philadelphia

Lansdale

•Navy Yard

Hatfield

Aligns six independent electric utilities along regional transportation corridors 
to enable  efficient manufacturing, transportation, communications

Have ample natural gas supply 
CHP – Based Microgrid  Investigated  by Mid-Atlantic CHP  as Key Enabler



Unregulated Micro-grid in Utility Constrained Area
Electric Growth Power Demand Projected: 25 MW  80-100 MW

28 MW peak power demand
(~ 6,000 employees )

Need 80 – 100 MW peak 
power available to
achieve at total commercial
Buildout (20,000 employees)

Have ample natural gas supply and multiple gas line access points
CHP Systems Insertion into Microgrid  Investigated  by Mid-Atlantic CHP  as Feasible Solution



•Proctor& Gamble’s largest manufacturing facility in the world
•CHP an effort to save money and reduce CO2 emissions
•64 MW of electricity
•Gross savings of $16.5millionperyear



8 MW GT with high 24/7 load factors
Schedule 10 day maintenance outage
1 day unscheduled outage in July

1 MW Recip with intermediate load factor, 2 shifts @ 5 days/week
Scheduled 36 hour maintenance outage
2 – 18 hour unscheduled outage – Feb, Jul

200 kw MT with typical office building schedule
12 hrs/day @ 5 days/week
15 day scheduled outage
1-12 hour unscheduled outage - July





Standby/Capacity Reservation Charge Best Practices and Review: 

Prepared for Pennsylvania Public Utility Commission

CHP Working Group

Findings 
The analysis raises a series of question regarding standby rate complexity, transparency and equity. 

1. There appears to be little consistency between the EDCs with respect to standby charges.    

2. Standby / Reservations charges and structure vary considerably between the three EDCs.  

3. Descriptors vary widely for services, which fosters confusion. 

4. PECO’s CRR standby rate had a negative impact on the three CHP cases reviewed. 

5. Duquesne’s Rider 16 standby rate had a positive impact on the three CHP cases reviewed. 

6. Tariffs descriptions were sometimes not clear – providing example calculations would help (one EDC had 
one example calculation).   

7. Structures can be complex and difficult to properly apply without utility input. One example of utility 
assistance is from Ameren Missouri Rates group which has developed excel tools which customers can 
use to input projected load profiles and generation assumptions to estimate the impact of standby rider 
on their bill.  https://www.ameren.com/missouri/business/rates/electric-rates/riderssr

8. There was no distinction between maintenance backup power (which can often be scheduled offpeak) 
demand and unscheduled downtime. 

https://www.ameren.com/missouri/business/rates/electric-rates/rider-ssr





